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Guiding Principles  

•  To make transformational scientific progress, the Sun, 
Earth, and heliosphere must be studied as a coupled 
system. 

•  To understand the coupled system requires that each    
sub-discipline be able to make measurable advances in 
achieving its key scientific goals. 

• Success across the entire field requires that the various 
elements of solar and space physics research programs—
the enabling foundation comprising theory, modeling, data 
analysis, innovation, and education, as well as ground-
based facilities and small-, medium-, and large-class space 
missions—be deployed with careful attention to both the 
mix of assets and to the schedule (cadence) that 
optimizes their utility over time. 

• A proposed program needs to fit a realistic resource 
envelope and address research and operational aspects 
of the field. 
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Overarching Goals for a Decade of Discovery 

• Determine the origins of the Sun’s activity and 
predict the variations of the space environment. 

• Determine the dynamics and coupling of Earth’s 
magnetosphere, ionosphere, and atmosphere and 
their response to solar and terrestrial inputs. 

• Determine the interaction of the Sun with the solar 
system and the interstellar medium. 

• Discover and characterize fundamental processes 
that occur both within the heliosphere and 
throughout the universe. 



Understand the 
fundamental 

physical processes 
of the space 

environment – from 
the Sun to Earth, to 
other planets, and 

beyond to the 
interstellar medium	


Understand how human 
society, technological 

systems, and the 
habitability of planets are 

affected by solar 
variability and 

planetary magnetic 
fields!

Maximize the safety and 
productivity of human and 

robotic explorers by 
developing the 

capability to predict the 
extreme and dynamic 
conditions in space!

Understand the Sun and its interactions with the 
Earth and the solar system 

SMD Heliophysics Goals:  2010 SMD Science Plan to now 



Decadal Survey Research 
Recommendations 
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Recommendations Science Cost 

Complete the current 
Program 

Support the existing program elements that constitute the 
Heliophysics Systems Observatory (HSO) and complete 
missions in development (RBSP, IRIS, MMS, SOC, SPP).  

Assumes no 
cost growth for 
any of these 
elements 

DRIVE (Diversify, 
Realize, Integrate, 
Venture, Educate) 

Strengthen observational, theoretical, modeling, and 
technical advances with additional R&A capabilities: small 
satellites; MO&DA funding, science centers and grant 
programs; instrument development  

Program 
rebalance: 
move up to 
$40M/yr into 
Research 

Accelerate and expand 
Heliophysics Explorer 
Program 

Launch every 2-3 years, alternating SMEX & MIDEX with 
continuous Missions of Opportunity.  

Program 
rebalance: 
move$70M/yr 
into Explorers 

Restructure STP line 
as a moderate scale, 
PI-led flight program.  
Implement three mid-
scale missions. 

Mission 1:  Understand the interaction of the outer 
heliosphere with the interstellar medium; includes L1 space 
weather observations 
Mission 2:  Understand how space weather is driven by lower 
atmosphere weather. 
Mission 3:  Understand how the magnetosphere-ionosphere-
thermosphere system is coupled and responds to solar 
forcing. 

$520M per 
mission in 
FY12$; 
launches in 
2021, 2025, 
2029 

Start another LWS 
mission by the end of 
the decade. 

Mission 4: Study the ionosphere-thermosphere-mesosphere 
system in an integrated fashion. 

$1B mission, 
Launch 2024 

Notes: 1) Recommendations listed above are top level, each contains a number of sub-elements 
            2) Recommendations are listed in priority order, pending budget constraints 
            3) Recommendations are separable by Agency, only NASA Recommendations are listed here 

Assumes the Heliophysics budget 
grows from $650M to $750M by 2024 

 



#1 Priority: NEW Missions: 
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Microphysics of magnetic reconnection, 
particle acceleration, and turbulence 

Flow of energy and plasma through the 
chromosphere and transition region into the corona 

IRIS MMS 

Understand coronal heating and the origin and 
acceleration of the solar wind 

Determine the origins and causes of the supersonic 
solar wind, the sun’s magnetic field, and massrive 
eruptions from disturbances on the sun’s surface 

Solar Orbiter Solar Probe Plus 



Explorers Program - Continued ASTRE 
Atmosphere-Space Transition  

Region Explorer 
PI: R. Pfaff / GSFC 

 
 
 
 
 
 
•  How magnetospheric electric fields 
drive neutral atmospheric motions  
•  How the neutral-ion transition region 
regulates the magnetosphere 
 
 

ICON 
Ionospheric Connection Explorer 

PI: T. Immel UC Berkeley 
 
 
 
 
 
 

•   How neutral atmosphere affects the 
ionosphere  

•   How solar wind and magnetosphere 
affect the ionosphere 

OHMIC 
Observatory for Heteroscale 

Magnetosphere–Ionosphere Coupling 
PI: J. Burch / SWRI 

 
 
 
 
 
 
•   How magnetospheric EM energy 

flows downward to power aurora  
• How ion outflows are initiated and 

modify the underlying ionosphere 
 
 

#1 Priority: OUR NEXT EXPLORER(S) WILL BE CHOSEN FROM THESE CONCEPTS 

Mission of Opportunity Selections 
3 MO concepts; 3 opportunities to augment the Heliophysics System Observatory 

 GOLD 
Global Scale Observations of the Limb 

and Disk 
 PI: R. Eastes / U. Central Florida 

 
 
 
 

… how the ionosphere and 
thermosphere respond to geomagnetic 
storms, solar radiation, and upward 
propagating atmospheric tides 

 

CPI on the ISS 
Coronal Physics Investigator 

PI: John Kohl / SAO 
 
 
 
 
 
 
… processes that heat and accelerate 
the plasma components of the slow and 
fast solar wind 

 
 

IMSA on SCOPE 
Ion Mass Spectrum Analyzer 

PI: L. Kistler / U. New Hampshire 
 
 
 
 
 
… fundamental processes of 
reconnection, particle acceleration, and 
turbulence … focused on the feedback 
mechanisms between ion and electron 
scale lengths  
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#2	  Priority:	  DRIVE	  Missions	  
Heliophysics	  System	  Observatory	  



#3 Priority:  
New Explorers 
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#4 and #5 Priority:  
New Missions for this Decade Continued 
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Understand the variability in space weather 
driven by lower-atmosphere weather on Earth 
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heliosphere and magnetosphere, this region serves as transfer of energy within the 
solar-terrestrial chain.   The primary drivers for variability in the region consist of direct solar energy in 
the form of EUV and UV radiation, solar energy transformed into the charged particles and fields that 
permeate the magnetosphere, and solar-driven waves propagating upward from the lower atmosphere 
(Figure 8.1).     

 
FIGURE 8.1  A depiction of the Atmosphere-Ionosphere-Magnetosphere (AIM) system and the major 
processes that occur within that system.  Absorption of short-wavelength solar radiation accounts for a 
large fraction of the heat input.  Energetic particles, mostly from the magnetosphere, enhance the 
ionospheric conductance at high latitudes, and modify the electrical currents that flow between the 
ionosphere and magnetosphere.  Magnetospheric convection imposes electric fields that drive currents in 
the lower part of the ionosphere and set the ionospheric plasma into motion at higher altitudes, with a 
portion escaping into geospace and beyond.  These injections of energy drive a global thermospheric 
circulation that redistributes heat and molecular species upwelling from the heated regions, and also 
excites a spectrum of waves that redistribute energy both locally and globally.  Planetary waves, tides, 
and gravity waves propagate upward from the lower atmosphere, deposit momentum into the mean 
circulation, and generate electric fields via the dynamo mechanism in the lower ionosphere.  Dynamo 
electric fields are also created by disturbance winds.  Neutral winds and electric fields from these 
combined sources redistribute plasma over local, regional and global scales and sometimes create 
conditions for instability and production of smaller-scale structures in neutral and plasma components of 
the system. SOURCE: Courtesy of Joe Grebowsky, NASA GSFC. 
 

Responses to these drivers are determined by interacting dynamical, chemical and electrodynamic 
processes that occur over a wide range of spatial and temporal scales, and moreover are strongly 
influenced by the presence of a strong magnetic field. Often these processes involve nonlinearity and 
feedback, and it thus evident that this complex system can often exhibit emergent behavior1.   In fact, 
                                                 

1 Emergent behavior results from the interaction of a large number of system components that could not have 
been anticipated on the basis of the properties of components acting individually. 
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A major goal of the coming decade, therefore, is to understand how regulation of the IT system occurs, 
and how connectivity between multiple scales arises within this regulation process. 

 
Making the required coincident multi-parameter measurements of the system over local, regional 

and global scales poses major challenges in terms of observational strategies. Strategies that employ an 
optimal combination of ground-based, sub-orbital and space-based platforms involving innovative in-situ 
and remote-sensing instrumentation will be required. implementation strategies are presented 
in . 

AIMI Science Goal 2. Meteorological Driving of the IT System 

How does lower atmosphere variability affect geospace? 
 
Numerous observational and modeling studies since the last decadal survey have unequivocally 

revealed that the IT system owes much of its longitudinal, local time, seasonal-latitudinal and day-to-day 
variability to meteorological processes in the troposphere and stratosphere.  The primary mechanism 
through which energy and momentum are transferred from the lower atmosphere to the upper atmosphere 
and ionosphere is through the generation and propagation of waves (see Figure 8.10). 

  
FIGURE 8.10  Schematic of the various mechanisms through which lower-atmosphere processes 
influence the ionosphere and thermosphere. See text for details. SOURCE: Courtesy of Jeffrey M. Forbes, 
University of Colorado, Boulder, and David Fritts, Colorado Research Associates.  

 
Owing to rotation of the planet, periodic absorption of solar radiation in local time (LT) and 

longitude (e.g., by troposphere H2O and stratosphere O3) excites a spectrum of thermal tides having 
periods and zonal (east-west) wavenumbers (or harmonics) defined by the planetary rotation period and 
longitudinal variability, respectively. Surface topography and unstable shear flows arising due to solar 

Understand how Earth’s extended atmosphere 
absorbs solar wind energy   

GDC DYNAMIC 

Determine how the magnetosphere-ionosphere- 
thermosphere system is coupled and how it 
responds to solar and magnetospheric forcing 

Understand the outer heliosphere and its 
interaction with the interstellar medium 
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radars, images, and riometers). Spacecraft observations instrumental to these advances were returned both 
from new satellites launched during the decade or just before (e.g., Cluster, IMAGE, THEMIS, TWINS) 
as well as data returned from earlier missions and data from instruments flown on non-NASA satellites. 

Global Dynamics 

The global dynamics of the magnetosphere is controlled by the changing north-south component 
of the interplanetary magnetic field (IMF), which drives global circulation in the magnetosphere as shown 
in Figure 2.4 (Magnetosphere Schematic). Changes in the IMF and solar wind dynamic pressure produce 
storms, light up the aurora and drive a host of other global responses.  

Global imaging of heretofore invisible plasma populations of the magnetosphere was used to 
identify its large-scale response to this variable solar wind forcing. The plasmasphere, which is the region 
of cool-dense plasma that co-rotates with the Earth, was imaged in the extreme ultraviolet. Observations 
revealed that strong storms strip off the outer part of the plasmasphere in plumes, which convect outward 
to the dayside magnetopause (Figure 2.5) and inward to produce ionospheric density enhancements of the 
type shown in Figure 3.5.  

 

  
FIGURE 2.4 Illustration of the critical processes that drive the magnetosphere.  To achieve a full 
understanding of the complex, coupled, and dynamic magnetosphere, we must understand how global and 
mesoscale structures in the magnetosphere respond to variable solar wind forcing, and how plasmas and 
processes interact within the magnetosphere and at its outer and inner boundaries using a combination of 
imaging and in situ measurements. SOURCE: Courtesy of Jerry Goldstein, Southwest Research Institute.  
 
 

IMAP MEDICI 



Future Enabling Budget Scenario 
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Figure 6.1 from Decadal survey (pg 6-2). Heliophysics budget and program plan by 
year and category from 2013 to 2024. GDC, the next large mission of the LWS 
program after SPP, rises above the baseline curve in order to achieve a more efficient 
spending profile, as well as to achieve deployment in time for the next solar maximum 
in 2024. President’s FY13 budget (yellow line) added separately. 



A New Vision for Space Weather and 
Space Climate 

Strengthen the current National Space Weather Program 
 
 

  
 
 
 
 
 
 
 
Scenario for NASA: Space Weather and Climatology (SWaC) 

program ~$200M/year augmentation over existing budget 
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¡  Re-charter the National Space Weather Program 

¡  Multi-agency Partnership for Solar/Solar Wind Observations 
§  L1 Solar Wind (DSCOVR, IMAP) 
§  Coronagraph and Magnetograph 
§  Evaluate New Observations and Platforms 
§  Establish a SWx Research Program for Effective Research to 

Operations Transition at NOAA 
§  Establish Distinct Programs for Space Physics Research and 

Space Weather Forecasting and Specification 
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